The raccoon (Procyon lotor) is the definitive host of Baylisascaris procyonis, a large intestinal roundworm that is zoonotic and can result in fatal or severe central nervous system disease in young children. Prevalence of infection among raccoon populations often is high, and in the midwestern United States, B. procyonis has been reported in 68-82% of raccoons. Raccoon populations have increased in response to changes in human land use, and often reach higher densities in urban and suburban landscapes than rural landscapes. However, shifts in foraging behavior among urban raccoons could impact the transmission of B. procyonis if small vertebrate intermediate hosts are not a significant part of the raccoon diet. The objective of this study was to compare prevalence of B. procyonis infection between urban and rural raccoon populations on a regional scale. Necropsy was done on 204 raccoons collected from September through February during 2000-2005 from seven states across the Midwest (regional sample). Baylisascaris procyonis was found in 54% of examined raccoons. Prevalence differed between land-use types (x 2 511.56, df51, P50.0007), and was higher among animals collected from rural locations (65%) than those collected in urban locations (41%). Intensity of infection also differed (F55.52, df51, P50.02), with rural raccoons having greater worm burdens (x529.63636.42) than urban raccoons (x513.85618.47). Despite high densities of raccoons in urban landscapes, fewer urban raccoons were infected with B. procyonis, suggesting decreased dependence on intermediate hosts as a food source. This possible explanation was supported by a similar trend in prevalence among subsamples of raccoons collected from three Chicago-area populations (local samples) with differing levels of urbanization, population densities, and foraging behavior that had been intensively monitored during 1995-2002. Decreased transmission of B. procyonis in urban landscapes may be due to decreased predation of intermediate hosts, and contact of juvenile raccoons with B. procyonis eggs may be an important factor in maintaining infections within such populations.
INTRODUCTION
As human populations increase, landscapes are dramatically altered through the process of urbanization and shifts in predominant land use (Heimlich and Anderson, 2001; DeStefano and DeGraaf, 2003; Radeloff et al., 2005) . Landscapes altered by urban and suburban development are characterized by increased local extinction rates (Czech et al., 2000) , replacement of native species with nonnative species (McKinney, 2002) , and changes in the abundances, behaviors, and interactions of native wildlife populations (Dickman, 1987; Soule et al., 1988; Crooks and Soulé , 1999; Cam et al., 2000) . How wildlife populations respond to urbanization may also affect host-parasite dynamics, especially if those populations are altered in dramatic ways.
Raccoon (Procyon lotor) populations have increased in response to changes in human land use. They are abundant in heterogeneous landscapes, especially in those dominated by humans (Riley et al., 1998; Gehrt, 2003) , and often are the source of wildlife-human conflict characterized by nuisance, property damage (de Almeida, 1987; DeStefano and DeGraaf, 2003) , and disease transmission (Kazacos, 2000) . Raccoon population densities attain extremely high levels in urbanized landscapes, with some reported densities greater than 100 raccoons per square kilometer (Riley et al., 1998; Prange et al., 2003) .
Raccoons are the definitive hosts of Baylisascaris procyonis, a large intestinal roundworm recognized for its zoonotic potential (Sorvillo et al., 2002; Murray and Kazacos, 2004) . The prevalence of infection among raccoon populations often is high, and in the midwestern United States, B. procyonis has been documented in 68-82% of raccoons (Kazacos and Boyce, 1989) . Prevalence is highest among juvenile raccoons ($90%) because they can develop patent infections following exposure to larvated eggs (Kazacos, 2001) . Adult raccoons are not susceptible to infection via ingestion of larvated eggs, and only develop patent infections via ingestion of infected intermediate hosts such as rodents (Kazacos, 2001 ). The transmission of B. procyonis to intermediate hosts has been shown to occur at raccoon latrines (Page et al., 1999) . Because millions of eggs can accumulate at these locations, latrines also are a source of zoonotic infection (Kazacos, 2001; Roussere et al., 2003) . Human infections are most common among young children because of the fecal-oral transmission route (Kazacos, 2001) , and severe or fatal central nervous system disease can result (Murray and Kazacos, 2004) . The transmission dynamics of the parasite differ as a function of predominant land use (Page et al., 2001) , presumably as a result of differences in latrine densities, host densities, and raccoon behavior. Prevalence of infection among raccoons is highest where raccoons and intermediate hosts of B. procyonis are at high densities (Page et al., 2001) . Given the relatively high densities of urban populations of raccoons, one might predict that prevalence of B. procyonis would also be high. Indeed, prevalence of B. procyonis has been reported to be as high as 72% in urban raccoon populations that were apparently at high densities (Evans, 2001) ; however, estimates of host population densities have rarely been reported in studies of B. procyonis. Given that raccoon populations typically occur at high densities in urban systems, it seems intuitive that prevalence rates for B.
procyonis in urban systems would follow the same pattern. However, the anthropogenic factors that contribute to high raccoon densities may also complicate the linkage between host density and parasite infection. Raccoons in Midwestern urban landscapes have been shown to have altered foraging behaviors that focus on anthropogenic resources rather than more natural items (Prange and Gehrt, 2004) . This habituation to human-related foods could reduce transmission of B. procyonis if intermediate hosts were not a common part of raccoon diets. Understanding the dynamics of B. procyonis in midwestern urban landscapes has important implications for public health because of the large numbers of raccoons and people that coexist in many urban areas. The objective of this study was to compare prevalence of B. procyonis infection between urban and rural raccoon populations in the midwestern United States (regional scale). In addition, we examined differences in prevalence among a subsample of raccoons from local populations in northeastern Illinois that had been intensively monitored with live trapping and radiotelemetry.
METHODS
We obtained 204 gastrointestinal tracts from trapped, hunter-killed, or road-killed raccoons collected from September through February during 2000-2005 from Illinois (n5100), Indiana (n514), Kansas (n53), Michigan (n515), Minnesota (n537), Missouri (n55), and Wisconsin, USA (n530). For each raccoon, we recorded the date of collection, gender and predominant land use (rural or urban). Animals were classified as originating from a rural area if they were trapped in a rural area or were collected by us as vehicle-killed animals on rural roads. Urban raccoons included trapped nuisance raccoons and those that were killed by vehicles in urban areas. Stomach and intestinal tract were removed and placed in individual marked bags, and stored at 220 C until examination. The stomach and intestines, including the lumen, mucous, and ingesta were examined for B. procyonis. Voucher specimens were stored in 95% ethanol. Prevalence was determined as the proportion of infected individuals from the entire sample. Differences in prevalence estimates were tested as a function of land use with the use of chi-square analysis (JMP7, 2007) . Counts of B. procyonis were made from 91 raccoons. Analysis of variance was used to determine differences in intensity of infection (burden size) as a function of predominant land use (JMP7, 2007) . In all cases, raccoon samples were obtained opportunistically.
In addition to the regional aspect of our sample collection, we examined trends in prevalence from a subsample of raccoons collected from three populations in northeastern Illinois representing different levels of urbanization and anthropogenic resources. These populations were intensively monitored by radiotelemetry during associated research of raccoon ecology during 1995 (Prange et al., 2003 Gehrt, 2004; Prange and Gehrt, 2004) , thereby providing information on demographics and foraging behavior. This arrangement also afforded us the opportunity to determine the relationships between urbanization, raccoon behavior, and parasite dynamics at the local scale. The three study sites were comprised of an urban, suburban, and rural site. The urban site was represented by the Ned Brown Forest Preserve (42u01955.050N, 88u00900.620W, Cook County), a 1,499-ha park located 20 km from Chicago near O'Hare International Airport. The site is surrounded by intense development, with a human population density of 3,420/km 2 immediately adjacent to the park, and heavily used roads with a traffic volume of .300,000 vehicles/24 hr (Prange et al., 2003) . Although the habitat within the park is largely second-growth mature forests and wetlands, there is an extensive interior road and parking system (0.94 km of road per km 2 ), with a series of garbage cans or dumpsters placed along the roads at an estimated density of one can for every 23 m (Gehrt, unpublished data) . Anthropogenic resources were plentiful during most of the year as the park receives 1-3 million human visitors annually; picnicking is the primary recreational activity. These highly clumped food resources were easily accessed by raccoons, as cans did not have lids and the park was closed to people during the night.
In contrast to the urban site, the Max McGraw Wildlife Foundation located in Kane County representing the suburban site, and the rural site, Glacial Park located in McHenry County, had less adjacent urbanization as well as less human use within the sites. The 495-ha suburban site was privately owned with limited human use and no picnic areas. The rural site (1,052 ha) was a public conservation area with little interior access and a road density of only 0.24 km of road/km 2 , with no garbage receptacles or shoulders along the roads. These study areas are described in more detail in Prange et al. (2003 Prange et al. ( , 2004 , and Bozek et al. (2007) .
Raccoon populations from the three sites differed in density and movement patterns, apparently in response to the different levels of human influence. Population densities during spring ranged from 33 to 42 raccoons/km 2 at the urban site, which were three to four times higher than densities for a rural population at Glacial Park (8-13 raccoons/km 2 ; Prange et al., 2003) . Raccoon density was manipulated for unrelated research at the suburban site, so the density estimates by 2002 were intermediate between the urban and rural populations (Gehrt, 2002) . Based on radiotelemetry results, home range size was smaller, and more spatially aggregated, for urban and suburban populations relative to the rural population (Prange et al., 2004) , and the urban population focused nocturnal foraging near garbage areas despite abundant natural habitat (Gehrt, 2004; Bozek et al., 2007) . Carcasses were collected opportunistically on roads immediately adjacent to and within study sites.
RESULTS
Baylisascaris procyonis was found in 54% of 204 raccoons. Significantly more (x 2 511.56, df51, P50.0007) individuals collected from rural locations (n5114) were infected (65%) than those collected in urban locations (41%; n590). Intensity of infection differed between predominant land-uses (F55.52, df51, P50.02), with rural raccoons (n557) having greater worm burdens (x 529.63636.42) than urban raccoons (x513.85618.47, n534).
Our subsamples followed the regional prevalence pattern; the urban raccoon population had a lower prevalence rate (42%, n512) compared to the suburban (50%, n512) and rural (57%, n57) study sites. During 1995-2002, raccoon density estimates that were three to four times greater on the urban site when compared the rural population. Although the trend in prevalence followed an inverse relationship with urbanization and density, these differences were not statistically different (x 2 50.446, df52, P50.80; Table 1 ).
DISCUSSION
Previous studies suggest that prevalence of B. procyonis increases as a function of raccoon density (Page et al., 2001; LoGiudice, 2003; Wright and Gompper, 2005) . Although very high prevalence rates have been reported from California raccoon populations where densities were assumed to be high, density estimates are not reported in these studies (Evans, 2001; Roussere et al., 2003) . In the present study, the lowest prevalence and intensity estimates for B. procyonis were detected in raccoons sampled in urban landscapes, and this relationship was observed on one area with a high raccoon density (Prange et al., 2003) . The lower prevalence in urban and high-density raccoon populations may be a function of decreased contact with B. procyonis.
Raccoons are generalists, and population-level responses to anthropogenic food sources in urban landscapes have been previously demonstrated (Prange et al., 2003; Prange et al., 2004) . Raccoons in urbanized areas can become habituated to human-related food, which alters their foraging patterns (Gehrt, 2004) . Dependence on artificial concentrations of food can result in decreased predation by raccoons on small vertebrates (Prange et al., 2004) , the intermediate hosts of B. procyonis. Transmission of B. procyonis to raccoons differs as a function of age. Juvenile raccoons are susceptible to infection via ingestion of larvated eggs and infected intermediate hosts (Kazacos, 2001) . However, transmission to adult raccoons requires ingestion of intermedi- ate hosts; therefore, decreased predation by raccoons should result in decreased transmission rates and lowered prevalence among raccoon populations dependent on anthropogenic resources. We did not have access to age data for many of the individuals included in this study; however, most individuals had attained adult body size. Changes in prevalence among adult raccoons ultimately would alter the levels of eggs at latrines, and thus decrease exposure of juvenile raccoons to infective eggs. In this study, observed decreases in prevalence among urban raccoons suggests decreased contact with infective stages; one likely point of transmission that is affected is transmission to adults via predation. Therefore, the results of this study are consistent with evidence that foraging by urban raccoons is strongly influenced by anthropogenic resources (Prange et al., 2004) . Radiotracking of raccoons in our three local study areas revealed different movement and spatial patterns in response to anthropogenic resources within their home ranges (Gehrt, 2004; Prange et al., 2004; Bozek et al., 2007) . Urban raccoons had smaller home ranges that were spatially aggregated compared to the rural population (Prange et al., 2004) . Foraging patterns by the urban raccoons during summer strongly suggested that they focused their activity on areas with refuse and used habitats differently than rural raccoons (Bozek et al., 2007) . The present study includes a subsample of individuals removed from populations included in the radiotelemetry studies of Gehrt (2004), Prange et al. (2004) , and Bozek et al. (2007) . Although no significant differences were observed, decreased prevalence among the urban and suburban individuals from this small subset of data (n531) suggests that the fine-scale habitat selection for anthropomorphic resources may have an impact on B. procyonis transmission (Table 1) , and further studies should investigate foraging patterns and infection status concurrently.
Intensity of infection also was significantly reduced among urban raccoons suggesting decreased contact with B. procyonis. Transmission of B. procyonis to adult raccoons requires predation of intermediate hosts; however, transmission to juveniles requires only ingestion of larvated B. procyonis eggs (Kazacos, 2001) . This mode of transmission is seemingly important in maintaining lowlevel B. procyonis infections in urban areas due to an increased dependence of raccoons on anthropogenic food sources (Prange et al., 2004) . Because raccoon foraging behaviors change in response to anthropogenic food sources, models of B. procyonis transmission assuming a correlation between raccoon density and prevalence may not always be valid, and subsequent predictions of risk of zoonoses must consider predominant human land use and associated raccoon behavior.
